
Acute ischemic coronary syndromes (AICS)
with and without ST segment elevation—
including unstable angina (UA), non-Q-wave

myocardial infarction (NQMI), and Q-wave myocar-
dial infarction (MI)—are the leading causes of mor-
bidity and mortality in the United States.1

Approximately 350,000 new cases of angina are
diagnosed annually.2 Thrombotic occlusion in the
coronary arteries underlies each of these cardiovas-
cular conditions. This occlusion occurs when ather-
osclerotic plaque ruptures; at the site of plaque rup-
ture, platelets become activated, adhere to the
endothelium, and aggregate. Major factors affecting
the stability of atherosclerotic plaque include sud-
den changes in intraluminal pressure or tone, bend-
ing and twisting of coronary arteries during cardiac
contractions, large lipid core, thin fibrous cap,
excess macrophage infiltration into the plaque, and
mechanical injury such as that caused by percuta-
neous transluminal coronary angioplasty (PTCA).3

Pathogenesis of Platelet Aggregation
Once plaque ruptures, the subendothelial protein

matrix is exposed to circulating platelets and other
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To provide a review of the pathogenesis of acute
ischemic coronary syndrome, as well as an under-
standing of the role of glycoprotein IIb/IIIa
inhibitors in the management of acute ischemic
coronary syndrome.
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5. Provide the reader with the information to
make optimal, institution-specific formulary deci-
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on their clinical pharmacology, efficacy in differ-
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coagulation proteins. Several proteins—such as von
Willebrand factor (vWF), collagen, and throm-
bospondin—promote platelet adhesion to the
endothelium.4 After adhesion, platelets are activat-
ed by several mediators including thromboxane A2
(TXA2), thrombin, epinephrine, collagen, adeno-
sine diphosphate (ADP), and serotonin.5 Platelet
activation is followed by changes in cell shape,
induction of platelet coagulant activity, calcium
mobilization, and platelet degranulation.6 The final
step in the process of platelet aggregation involves
binding of circulating fibrinogen to the glycoprotein
IIb/IIIa (GP IIb/IIIa) receptors and cross-linking
platelets.4 The vWF may also play a role in cross-
linking platelets by binding to GP IIb/IIIa receptors
under high shear conditions.4

Conventional Management of AICS
Conventional management of AICS includes

inhibition of TXA2-mediated platelet aggregation
with aspirin and inhibition of thrombus formation
with heparin. In the Second International Study of
Infarct Survival (ISIS-2), aspirin reduced mortality
in patients with MI by 23%,7 and this effect was sus-
tained in the 10-year follow-up data.8 Heparin
reduces acute-phase mortality in unstable angina,
although long-term data show only a trend toward
reduced mortality and reinfarction (odds ratio 0.80,
P=0.20).9,10

Despite the beneficial effects of aspirin and
heparin, platelet aggregation and coronary throm-
bosis continue to occur even with optimal doses of
both agents. This is because their targets—throm-
bin and TXA2—represent only a fraction of known
platelet activators. This suggests a need for more
effective inhibition of platelet aggregation in AICS
patients. Since the final common pathway leading
to platelet aggregation is binding of fibrinogen and
vWF to GP IIb/IIIa receptors on the platelet surface,
irrespective of the initial stimulus, GP IIb/IIIa recep-
tor antagonists would effectively inhibit platelet
aggregation and decrease thrombus formation.

The purpose of this article is to review the clini-
cal data available for platelet GP IIb/IIIa receptor
antagonists in the management of AICS. Emphasis
will be placed on agents and indications approved
by the Food and Drug Administration (FDA).
Pharmacoeconomic considerations will also be dis-
cussed.

Glycoprotein IIb/IIIa Receptor Antagonists
Development. GP IIb/IIIa receptors belong to a

large family of receptors called integrins11 and are

the most abundant proteins on the platelet sur-
face.12 The specific binding of fibrinogen and vWF to
GP IIb/IIIa receptors on activated platelets is medi-
ated by arginine-glycine-aspartic acid (RGD) adhe-
sive protein sequence.13 The first GP IIb/IIIa recep-
tor antagonist approved by FDA is abciximab
(ReoPro™, Eli Lilly, Indianapolis, IN), which is
derived from antibodies developed in mice joined
with human immunoglobulin to form a chimeric
compound (c7E3 Fab or abciximab).14 Abciximab
exerts its antiplatelet action by avidly blocking fib-
rinogen, vWF, and other ligands from binding with
the GP IIb/IIIa receptors. Abciximab also binds to
the vitronectin receptor on platelets and endothe-
lial cells.4 Since abciximab contains a genetic
sequence that is 50% human and 50% from the
mouse, it is immunogenic.14 However, the final
report of the ReoPro Readministration Registry
demonstrated that human antichimeric antibody
status is not associated with diminished efficacy or
development of allergic reactions following repeat
administration.15

Since binding of fibrinogen and vWF to GP
IIb/IIIa receptors is mediated by the RGD adhesive
protein sequence, other peptides containing the
RGD sequence may inhibit platelet aggregation via
competitive binding of the GP IIb/IIIa receptors.
Many RGD-containing peptides have been isolated
from the venom of viper snakes; however, these
peptides are essentially antigenic and can only be
used as templates for development of synthetic ver-
sions. One such FDA-approved agent is eptifibatide
(Integrilin™, Cor/Schering, Kenilworth, NJ),16 a rela-
tively small molecule with minimal antigenicity.17

In this compound, arginine is substituted for lysine
[Lys-Gly-Asp (KGD)], and the KGD sequence may
allow a more specific inhibition of GP IIb/IIIa recep-
tors than RGD-containing peptides.16

Nonpeptide inhibitors represent another group of
compounds that exerts antiplatelet actions by mim-
icking the RGD sequence. Currently, tirofiban
(Aggrastat™, Merck & Co., Inc., West Point, PA) is
the only such agent approved by FDA.

Pharmacokinetics and pharmacodynamics.
The pharmacokinetic properties of the three FDA-
approved agents are not entirely clear. Table 1 out-
lines the known pharmacologic characteristics of
the 3 agents.

A B C I X I M A B . Despite the relatively short half-
life of abciximab, platelet function generally recov-
ers within 48 hours following completion of abcix-
imab infusion.18 However, platelet-bound abciximab
was still present on platelet surfaces 14 days after
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administration. Since the typical platelet life span is
approximately 7 to 10 days, this suggests continual
re-equilibration of abciximab to newly released cir-
culating platelets.18 This may explain the gradual
recovery of platelet function following drug discon-
tinuation, as well as the long-term efficacy demon-
strated in clinical trials.19-22 Since abciximab is a
natural protein, it is most likely catabolized in a
manner similar to other natural proteins.23 Part of
the abciximab dose is also cleared renally, although
the extent of renal clearance is unknown.23

E P T I F I B A T I D E . The binding of eptifibatide to
GP IIb/IIIa receptors is reversible, and pharmacoki-
netic studies have suggested linear, dose-propor-
tionate kinetics.24 This agent’s rapid reversibility of
platelet GP IIb/IIIa inhibition may lower the risk of
prolonged bleeding when compared with other

agents. Renal clearance of eptifibatide accounts for
about 50% of total body clearance, and the manu-
facturer recommends avoiding eptifibatide in
patients with serum creatinine > 4 mg/dL.25

T I R O F I B A N . The binding of tirofiban to GP
IIb/IIIa receptors is reversible, and bleeding times
return to normal rapidly after discontinuation of
tirofiban infusion.26 Tirofiban is primarily cleared
by the kidney, with approximately 65% of
unchanged drug appearing in the urine and 25% in
the feces.18 Although there are no published studies
on the use of tirofiban in patients with renal dys-
function, the manufacturer suggests decreasing the
infusion rate by 50% in patients with creatinine
clearance < 30 mL/min.27

Dosing. Although the direct relationship
between percentage of GP IIb/IIIa receptors block-

Table 1. Comparative Characteristics of Abciximab, Tirofiban, and Eptifibatide

FDA=Food and Drug Administration; PCI= percutaneous coronary intervention.

Abciximab Tirofiban Eptifibatide

Pharmacology Chimeric human-murine Nonpeptide GP IIb/IIIa Cyclic heptapeptide
monoclonal antibody inhibitor GP IIb/IIIa inhibitor
Fab fragment GP IIb/IIIA 
inhibitor

Origin Antibodies from immunized Chemically derived Synthetic peptide
mice; 50% human genetic 
sequence

Binding to platelets Noncompetitive, irreversible Competitive, reversible Competitive, reversible

Specificity Nonspecific Specific Highly specific

Elimination half-life t 1/2α = 10 minutes 1-2 hours 1-2 hours
t 1/2β = 30 minutes

Platelet function recovery ~ 48 hours 2-4 hours 2-4 hours

Immunogenicity Possible No Not likely

Optimal dose 0.25 mg/kg bolus + 0.4 µg/kg x 30 minutes + 180 µg/kg bolus + 
0.125 µg/kg/m 0.1 µg/kg/m 2µg/kg/m

Renal insufficiency No dosage adjustment Decrease dose by 1/2 for No dosage adjustment 
Clcr<30 ml/m for Scr <2 mg/dL

FDA indications PCI; unstable angina if Acute coronary syndromes PCI; acute coronary
PCI is planned within treated medically syndromes
24 hours or with PCI

. . .  OVERVIEW OF PLATELET GLYCOPROTEIN IIB/IIIA RECEPTOR ANTAGONIST TREATMENT . . .
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age and clinical efficacy has not been established,
doses of abciximab, tirofiban, and eptifibatide were
derived based on 80% occupancy of the GP IIb/IIIa
receptors. Minimum effective doses associated with
80% to 90% blockade are shown in Table 1. 

FDA Approved Indications. Abciximab is cur-
rently indicated for patients undergoing percuta-
neous coronary intervention (PCI) and patients
with unstable angina not responding to convention-
al medical therapy when PCI is planned within 24
hours.23 Eptifibatide is currently approved for
patients undergoing PCI as well as those with AICS
who are to be managed medically and those under-
going PCI.25 Tirofiban is indicated for patients with
AICS who are to be managed medically and those
undergoing percutaneous transluminal coronary
angioplasty as well as atherectomy.27

Clinical Trials
Clinical investigations have focused on GP

IIb/IIIa receptor antagonists as adjuncts to standard
therapy (aspirin, heparin) in patients undergoing
PCI (angioplasty, atherectomy, and stent place-
ment) and in patients with AICS with or without ST
elevations. Table 2 summarizes the significant stud-
ies published to date. Newer studies are also evalu-
ating the use of GP IIb/IIIa receptor antagonists in
acute MI. 

Percutaneous coronary interventions. Although
PCI procedures have grown dramatically over the
past decade, abrupt vessel closure remains a serious
complication. Aspirin reduces this risk but its effect
on platelet function is relatively weak, likely due to
its selective inhibition of platelet activators.

A B C I X I M A B . Three large abciximab clinical tri-
als in patients undergoing PCI have been published:

• The EPIC Study. The Evaluation of c7E3 In
Preventing Ischemic Complications (EPIC)
study19 was a double-blind, placebo-controlled
trial in which 2099 patients at high risk for
abrupt vessel closure after PCI (balloon angio-
plasty or directional atherectomy) were ran-
domly assigned to 1 of 3 treatment groups:
placebo, a bolus of abciximab (0.25 mg/kg), or
an identical bolus of abciximab followed by a
12-hour abciximab 10 µg/min infusion. The
primary endpoint was a composite of death
from any cause, nonfatal MI, the need for
repeated revascularization, or placement of
stent or balloon pump because of procedural
failure at 30 days. This study demonstrated
that abciximab effectively reduced the com-
posite event rate in high-risk patients undergo-
ing PTCA or atherectomy at 30 days and 6

months post-PCI. The durable impact of treat-
ment on long-term outcome with abciximab
bolus plus infusion was confirmed in a long-
term follow-up study that demonstrated a 13%
reduction in the 3-year composite event rate
(41.1% vs 47.2% for placebo, P=0.009).28

However, the risk of bleeding was also higher
in abciximab-treated patients.

• The EPILOG Study. The EPIC results led to
another study (Evaluation in PTCA to Improve
Long-term Outcome with abciximab GP IIb/IIIa
blockade, or EPILOG), which was designed to
determine the efficacy and safety of abciximab in
all patients undergoing coronary intervention
regardless of complication risk.20 In this prospec-
tive, placebo-controlled, double-blind study,
2792 patients were randomly assigned to abcix-
imab (0.25 mg/kg followed by 0.125 µg/kg/min)
with a standard dose weight-adjusted heparin,
abciximab with a low-dose weight-adjusted
heparin, or placebo plus standard-dose weight-
adjusted heparin. The primary endpoint was a
composite of death, MI, or severe ischemia
requiring urgent intervention 30 days after ran-
domization. Overall, the EPILOG trial showed
that abciximab plus weight-adjusted heparin dra-
matically reduced bleeding and maintained effi-
cacy in a broad group of patients undergoing
PTCA. 

• The EPISTENT Study. Over the last decade, the
advancement in coronary stent placement tech-
nology has made this an important treatment
modality for coronary artery disease and preven-
tion of abrupt closure of coronary arteries. A
recent multicenter trial (Evaluation of Platelet
IIb/IIIa Inhibitor for Stenting Trial [EPISTENT])
evaluated the role of GP IIb/IIIa blockade in
patients undergoing elective stenting.22 In this
double-blind, placebo-controlled trial, 2399
patients with ischemic heart disease were ran-
domly assigned to 1 of 3 treatment groups:
Stenting plus placebo, stenting plus abciximab,
or balloon angioplasty plus abciximab. The stan-
dard abciximab dose of 0.25 mg/kg of body weight
was given within 60 minutes before the proce-
dure, followed by 0.125 µg/kg/min (maximum 10
µg/min) for 12 hours. The dose of heparin was
weight-adjusted for all patients. The primary
endpoint of death, MI, or severe ischemia
requiring urgent intervention at 30 days was
reduced by 51% and 36% in the stent plus abcix-
imab and PTCA plus abciximab groups, respec-
tively, as compared with the stent plus placebo
group. There did not appear to be a between-
group difference in the rates of major bleeding
episodes, although there was a trend toward
minor bleeding in both abciximab groups.
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Table 2. Summary of Clinical Trials with GP IIb/IIIa Inhibitors

MI=myocardial infarction; PCI=percutaneous coronary intervention.
*High Risk: abrupt coronary vessel closure, acute evolving MI within 12 hours of onset of symptoms requiring rescue PCI, or early postinfarction angina or
unstable angina with at least 2 episodes of angina at rest associated with changes on resting electrocardiogram during the previous 24 hours, despite medical
therapy or clinical or angiographic characteristics indicating high risk.
†Low Risk: all patients undergoing PCI.

Composite Rate (%) of No. 
Death,Revascularization, Needed
or MI to Treat

Duration to Prevent 
of Time After 1 Composite

Study Patients n Trial Design Regimen Therapy Randomization Drug(%) Placebo(%) P Event

EPIC High risk* 2099 Bolus + drug Bolus 12 hours 30 days 8.3 12.8 0.008 22
(abciximab) PCI infusion (0.25 mg/kg) 6 months 27 35.1 0.001 12

or Infusion 3 years 41.1 47.2 0.0009 16
Bolus + placebo (10µg/kg/m)
infusion

EPILOG Low risk 2792 Bolus + infusion Bolus 12 hours 30 days 5.4 1.7 0.001 16
(abciximab) PCI + weight based (0.25 mg/kg) 6 months 22.3 25.8 0.04 29

heparin Infusion
or (10µg/kg/m)
Bolus + infusion + 
low dose adjusted
heparin 
or
placebo bolus and 
infusion + low dose
adjusted heparin

CAPTURE Refractory 1265 Bolus + heparin prn Bolus 18-25 30 days 11.3 15.9 0.012 22
(abciximab) unstable or (0.25 mg/kg) hours 6 months 31.0 30.8 ns 500

angina, Bolus + infusion Infusion
PCI (10µg/kg/m)

EPISTENT Low risk 2399 Stent + abciximab Abciximab: 12 hours 30 days 5.3 (stent + 10.8 <0.001 18
(abciximab) stent or Bolus 0.25 abciximab) 0.007 25

stent + placebo mg/kg + 6.9 (angio-
or infusion 0.125 plasty + 
Angioplasty + µg/kg/m abciximab)
abciximab

IMPACT II High and 4010 Bolus + low dose Bolus 20-24 24 hours Low dose: 6.8 9.3 0.0017 40
(eptifibatide) low risk infusion (135 µg/kg) hours High dose: 7 0.26 43

PCI or Low dose 30 days Low dose: 9.2 11.4 0.063 45
Bolus + high dose infusion (0.5 High dose: 9.9 0.22 67
infusion or placebo µg/kg/m)

PURSUIT Unstable 10948 Bolus + low dose Bolus 72 ± 24 72 hours 5.9 7.6 0.001 59
(eptifibatide) angina, or (180 µg/kg) hours 7 days 10.1 11.6 0.016 67

non- Bolus + high dose Low dose infusion after 30 days 14.2 15.7 0.04 67
Q-wave or (1.3 µg/kg/m) inter- (High dose)
MI placebo bolus High dose vention

and infusion infusion
(2 µg/kg/m)

RESTORE High and 2212 Bolus + infusion Bolus (10 µg/kg) 36 hours 48 hours 5.2 8.7 0.002 29
(tirofiban) low risk or Infusion (0.15 7 days 6.9 9.8 0.016 34

PCI placebo µg/kg/m) 30 days 8 10.5 0.052 40

PRISM Unstable 3232 Bolus + infusion Bolus (0.6 48 hours 7 days 10.3 11.2 0.33 111
(tirofiban) angina or µg/kg/m x 30 30 days 15.9 17.1 0.34 83

placebo minutes) infusion
(0.15 µg/kg/m)
or heparin
5000 units and
1000 units/hr

PRISM-PLUS Unstable 1915 Low dose + heparin High dose: 48-96 48 hours 5.7 7.8 0.08 48
(tirofiban) angina or Bolus (0.6 hours 7 days 12.9 17.9 0.004 20

non- heparin alone µg/kg/m x 30 30 days 18.5 22.3 0.03 26
Q-wave or minutes and 6 months 27.7 32.1 0.02 23
MI high dose alone infusion (0.15 (Low dose)

µg/kg/m) 
Low dose: Bolus
(0.4 µg/kg/m x 
30 minutes and
Infusion (0.1 
µg/kg/m)
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To address the difference in bleeding risks seen
in these 3 studies, EPIC investigators subsequently
examined all possible factors that might contribute
to bleeding in the EPIC abciximab patients.29 The
results of multivariable, logistic regression model-
ing indicated that incremental risk of a major
bleeding event among abciximab bolus-plus-infu-
sion patients was particularly high among women
(16.8% vs 4.2%), those who weighed ≤75 kg (17.8%
vs 4.1%), and those who received higher procedur-
al heparin doses per kg of body weight (11.8% vs
3.3%). In the EPILOG and EPISTENT studies,
which used a low-dose, weight-adjusted heparin
regimen, the risk of major bleeding in abciximab-
treated patients was comparable with that in place-
bo patients.

E P T I F I B A T I D E . The Integrilin to Minimize
Platelet Aggregation and Coronary Thrombosis-II
(IMPACT II) trial evaluated the safety and efficacy of
eptifibatide in 4010 patients scheduled for elective,
urgent, or emergent coronary intervention (angio-
plasty, atherectomy, or laser ablation).30 Patients
were assigned to eptifibatide 135 µg/kg bolus fol-
lowed by 0.5 µg/kg/min infusion for 20 to 24 hours,
135 µg/kg eptifibatide bolus followed by 0.75 µg/kg/min
infusion for 20 to 24 hours, or placebo bolus plus
infusion. All patients received weight-adjusted
heparin. The primary endpoint was occurrence of
death, MI, and need for repeat revascularizations at
30 days, and a second assessment was performed at
6 months. At 24 hours after randomization, the
composite event rate was significantly lower in
both treatment groups vs placebo. At 30 days, the
composite event rate was not statistically different
than placebo in the high infusion dose group but
was lower for the low-infusion group. The rates of
major bleeding and transfusion were similar in the
3 groups.

T I R O F I B A N . The role of tirofiban was investi-
gated in patients undergoing PCI (balloon angioplas-
ty or direct atherectomy) within 72 hours of pres-
entation with an acute coronary syndrome.31 The
Randomized Efficacy Study of Tirofiban for
Outcomes and Restenosis (RESTORE) trial was a
double-blind, placebo-controlled trial in which 2212
patients received either tirofiban administered as a
10 µg/kg intravenous bolus dose followed by 0.15
µg/kg/min continuous infusion for the next 36 hours
or placebo. All patients received weight-adjusted
heparin. The primary endpoint was a composite of
death, MI, or repeated interventions due to PCI fail-
ure or recurrent ischemia within 30 days of ran-
domization. Overall, treatment reduced the com-

posite endpoint at 2 and 7 days after randomization,
but this benefit was no longer statistically significant
after 30 days. As a result, tirofiban was not approved
for use in patients undergoing elective PTCA. There
was no statistically significant difference in major
bleeding or thrombocytopenia between the 2 study
groups. 

Acute coronary ischemic syndromes
A B C I X I M A B . The c7E3 Fab Antiplatelet Therapy

in Unstable Refractory Angina (CAPTURE) trial was
a randomized, placebo-controlled study of abcix-
imab administered before PCI in patients with
unstable angina unresponsive to standard antiangi-
nal therapy.21 Patients with recurrent ischemia
despite treatment with nitrates and heparin were
randomized to either an infusion of abciximab or
placebo 18 to 24 hours before PCI, continuing for 1
hour after the procedure. The primary endpoint was
a composite of death, MI, or urgent intervention at
30 days after randomization. The CAPTURE trial
demonstrated that treatment with abciximab prior
to coronary intervention can reduce the risk of
death and myocardial infarction. It is important to
note that patients enrolled in the CAPTURE trial
had already undergone angiography and were
deemed suitable for angioplasty. Therefore, these
results are difficult to compare with those from
other studies that assessed GP IIb/IIIa receptor
antagonists in AICS.

E P T I F I B A T I D E . The Platelet IIb/IIIa in Unstable
Angina: Receptor Suppression Using Integrilin
Therapy (PURSUIT) trial was the largest GP IIb/IIIa
trial to evaluate the benefit of eptifibatide beyond
that of standard therapy with heparin and aspirin in
acute coronary syndrome patients without persist-
ent ST elevations.32 In this double-blind, placebo-
controlled, randomized trial of 10,948 patients, the
efficacy and safety of an eptifibatide bolus of
180 µg/kg followed by 2 µg/kg/min infusion was eval-
uated. The study drug was administered until dis-
charge from the hospital or 72 hours, whichever
came first. The primary endpoint was a composite of
death or MI at 30 days and was significantly lower in
the treatment group at 96 hours, 7 days, and 30
days. The incidence of severe bleeding was more
common in the eptifibatide group. Overall, the
PURSUIT study demonstrated that eptifibatide
effectively reduced the incidence of death and/or MI
in patients with AICS. 

Unlike studies of other GP IIb/IIIa receptor antag-
onists, which used similar dosing for PCI and AICS,
the eptifibatide doses used in IMPACT II (PCI) and

. . .  CME . . .
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PURSUIT (AICS) were notably different. The dose of
eptifibatide used in IMPACT II was based on
results from ex vivo platelet aggregation studies
that used citrate, whereas PURSUIT dosing was
based on results using Phe-Pro-Arg chloromethyl
ketone as anticoagulant.33 Citrate reduces calci-
um concentration around the α subunit of the GP
IIb/IIIa receptors, and the decrease in calcium
ions affects the receptors’ ability to bind to adhe-
sive protein.34 Therefore, the results of the 2 trials
cannot be compared.

T I R O F I B A N . The Platelet Receptor Inhibition in
Ischemic Syndrome Management (PRISM) trial
compared the efficacy of a 48-hour tirofiban infu-
sion with that of heparin in patients who presented
with unstable angina or NQMI.35 In this double-blind
study, 3232 patients were randomized to a loading
dose of tirofiban alone 0.6 µg/kg/min infused over 30
minutes followed by a 0.15 µg/kg/min infusion for
47.5 hours or infusion of heparin alone. The primary
endpoint was a composite of death, MI, or refracto-
ry ischemia at the end of the 48-hour infusion. This
trial demonstrated that both refractory ischemia
and MI were approximately one-third less frequent
in the tirofiban group than in the heparin group.
However, there was no significant difference in the
incidence of composite endpoint at 7 or 30 days.
The frequency of bleeding was similar in the 2
groups. While this study demonstrated efficacy of
tirofiban monotherapy for the treatment of patients
with AICS, this agent is not approved as monother-
apy; tirofiban must be used with heparin.

Another tirofiban trial (PRISM-PLUS) evaluated
the role of combination tirofiban-heparin therapy vs
heparin or tirofiban alone in patients with unstable
angina or NQMI.36 In this randomized, double-blind
trial, 1915 patients received either tirofiban 0.6
µg/kg/min infused over 30 minutes followed by infu-
sion of 0.15 µg/kg/min plus placebo, tirofiban 0.4
µg/kg/min for 30 minutes followed by 0.1 µg/kg/min
infusion plus adjusted-dose heparin, or adjusted-
dose heparin plus placebo. The primary endpoint
was a composite of death, MI, or recurrent ischemia
7 days after randomization. Tirofiban-only treatment
was stopped prematurely due to increased incidence
of mortality at 7 days vs the heparin-only group. The
primary endpoint was significantly lower in the
combination group; this reduction was due primari-
ly to a significant decrease in MI and refractory
ischemia. However, this benefit became statistically
insignificant at 30 days and 6 months (P>0.025).
The reason for the increase in mortality remains to
be explained. This increase in mortality was not

encountered in the PRISM study, in which the same
dose of tirofiban was used along with placebo. 

Meta-analysis. To date, there are no head-to-
head comparisons of the 3 agents, and comparisons
of the individual study results are not appropriate
due to differences in trial designs and patient popu-
lations, as well as pharmacodynamics. Therefore, a
meta-analysis of 16 published randomized, con-
trolled trials (32,135 patients) was performed to
assess the relative effects of these compounds on
death, MI, or revascularization.34 This analysis
revealed a significant reduction in mortality with GP
IIb/IIIa inhibitors at 48 to 96 hours (odds ratio: 0.70,
95% CI 0.51 to 0.96, P<0.03), equivalent to a reduc-
tion of 1 death per 1000 patients treated. Mortality
benefits at 30 days and 6 months were not statisti-
cally different than placebo. For a composite end-
point of death or MI, there was a highly significant
benefit for GP IIb/IIIa inhibitors at each time point
(P<0.001). Similarly, for a composite endpoint of
death, MI, or revascularization, there was a highly
significant benefit for GP IIb/IIIa inhibitors
(P<0.001).

Risk of Bleeding and Thrombocytopenia.
Although GP IIb/IIIa receptor antagonists improve
the mortality and morbidity outcomes of patients
with AICS and those undergoing PCI, bleeding was
the most common and worrisome side effect.
Researchers evaluated bleeding in clinical trials
based on the thrombolytics in myocardial infarction
(TIMI) criteria,37 which define major bleeding as
intracranial bleed or decrease in hemoglobin > 5 g/dL or
hematocrit > 15%. Minor bleeding was defined as
spontaneous and gross hematuria or hematemesis,
blood loss observed (spontaneous or nonspontaneous)
with hemoglobin decreasing at least 10%, or a decrease
in hemoglobin > 4 g/dL or hemotacrit > 12 % with no
bleeding site identified despite an effort to find one. In
the EPIC study, the major bleeding rate was more
double that of placebo (14% vs 7%; P=0.001).19

Subsequent studies, however, have demonstrated
that excess use of heparin contributed to this compli-
cation.20,22 The adjustment of heparin dosing based
on body weight in subsequent GP IIb/IIIa studies sig-
nificantly reduced the risk of major bleeding rates to
that comparable with placebo.20,22

Another concern with the use of GP IIb/IIIa
receptor antagonists is the risk of thrombocytopenia.
Possible mechanisms include induction of ligand-
induced binding sites or other epitopes that provoke
an immune response, enhance cell adhesion, or
otherwise accelerate platelet clearance. Alternatively,
platelet activation may reveal the existence of self-
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reactive antibodies.38 Collectively, the risk of throm-
bocytopenia varied from 1.1% in the PRISM study to
5.6% in the CAPTURE trial.21,35 Eptifibatide and
tirofiban are believed to induce less thrombocytope-
nia than abciximab. 

Table 3 summarizes these bleeding and thrombo-
cytopenia comparisons among the studies. 

Potential Economic Impact of GP IIb/IIIa
Inhibitors and Formulary Decision

Hospitalization costs are a large component of
total treatment costs for AICS, and revascularization
procedures are the single largest contributor to over-
all hospitalization costs.39 While the potential bene-
fits of GP IIb/IIIa inhibitors for reducing the risk of
death and ischemic events after revascularization
procedures20-22,30,31 and for patients with acute coro-
nary syndromes21,32,35,36 have been demonstrated,
the short- and long-term economic impacts of these
agents are not fully known. 

Storage and administration. Table 4 summa-
rizes the comparative costs (per 24 hours) of the 3

available GP IIb/IIIa receptor antagonists. An opti-
mal duration of treatment cannot be defined, since
the effect of duration on patient outcomes has not
been studied. The duration of administration and
the cost of different packaging units of each agent
can change the per-patient cost significantly.
Abciximab and eptifibatide require refrigeration,
while tirofiban does not. Abciximab requires prepa-
ration (transferring from vial to intravenous bags),
while eptifibatide and tirofiban are ready to use.
Abciximab also requires filtering. All of these factors
play a part in formulary decisions. 

Pharmacoeconomic analysis. In the EPIC trial,
abciximab reduced both early and late complica-
tions of PCI,19 and a prospective regression analysis
from this trial suggests that the reduction in the
postrevascularization ischemic complication rate
translated into a mean cost savings of $400 to $600
per patient (excluding the costs of abciximab).40

When the drug cost of $1407 per patient was consid-
ered, the mean average cost saving after 6 months
was $1270 per patient. This savings was attributed

. . .  CME . . .

Table 3. Side Effects

Percentage of Patients with Percentage of Patients with
Major Bleeding Minor Bleeding Thrombocytopenia

Drug/Trial Drug Placebo Drug Placebo Drug Placebo

Abciximab

EPIC 14 7 16.8 9.2 5.2 3.4

EPILOG

High Dose 2.0 3.1 4.0 3.7 2.5 1.5

Low Dose 3.5 3.1 7.4 3.7 2.6 1.5

EPISTENT 1.5 (with stent) 2.2 2.9 (with stent) 1.7 Not available

1.4 (with angioplasty) 2.9 (with angioplasty)

CAPTURE 3.8 1.9 4.8 2.0 5.6 1.3

Epitifibatide

IMPACT II 4.7 4.5 14.2 9.3 2.8 2.7

PURSUIT 2.6 1.1 13.1 17.6 5.0 5.0

Tirofiban

RESTORE 2.2 1.6 12.0 6.3 1.2 0.9

PRISM 0.4 0.4 2.0 1.9 1.1 0.4

PRISM PLUS 1.4 0.8 10.5 8.0 1.9 0.8
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to a decreased need for repeat revascularization pro-
cedures and hospitalization. In a similar economic
analysis of the EPIC study,41 researchers found that
the incremental cost of treating patients with abcix-
imab was $290 per patient (or $29,000 per 100
patients). Hence, the incremental cost of abciximab
per event prevented is $3258. These cost savings
take into account the concomitant increase in
bleeding risk in the treatment arm due to the full
heparin dose. A lower heparin dose, which is now
recommended, may reduce the rates of major bleeding
and increase cost savings achieved with abciximab. 

The cost analysis from the CAPTURE trial was
based on assumptions that an average patient
weighed 82 kg and the cost of abciximab in the
United States is $450 for a 10-mg vial.39 The average
cost of managing patients using abciximab was
$2700 per patient, and the average cost for manag-
ing patients using placebo was only $1800. Despite
this substantial cost difference, the results of the

analysis nevertheless suggest that GP IIb/IIIa pri-
mary therapy would be an exceptionally good value
(≤ $20,000 per year of life saved) at treatment
effects (revascularization rate) between 30% and
40% and a generally good value (ie, ≤$50,000 per
year of life saved, a commonly cited threshold for
cost effective care) at a treatment effect of 20%.39,42,43

Hemodialysis, which is accepted as a cost-effective
treatment for renal failure, has a cost effectiveness
of < $20,000 per life year saved.43 Another cost
analysis performed using combined data from the
EPIC, EPILOG, and CAPTURE trials44 showed that
the average cost per patient was $2237 for abcix-
imab vs $1422 for those not receiving abciximab,
resulting in an incremental cost-effectiveness ratio
of $20,374 per event-free patient.

These preliminary pharmacoeconomic data
demonstrate that GP IIb/IIIa receptor antagonists
may be cost effective, particularly if they result in
a reduction in revascularization procedures. When
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Table 4. Comparative Costs of GP IIb/IIIa Receptor Antagonists

PCI = Percutaneous coronary intervention

Infusion Dose
Approximate Duration of

Bolus Dose Infusion Dose Treatment Approximate Cost Per Patient
Drug/Indication (70 kg Patient) (70 kg Patient) (Hours) Cost Per Unit($) ($)/d

Abciximab
PCI 17.5 mg (0.25 mg/kg) 6.3 mg/ 12 hr 12 442.80 (10 mg vial) 1328.40

(0.125 µg/kg/m)

Unstable 17.5 mg (0.25 mg/kg) 14.4 mg (10 µg/m) 24 1771.20
angina/
non Q MI

Eptifibatide
PCI 9.45 mg (0.135 mg/kg) 50.4 mg/ 24 hr 20-24 41.33 (20 mg vial) 129.15

(0.5 µg/kg/m)

Unstable 12.6 mg (0.180 mg/kg) 200 mg/ 24 hr 24-96 129.15 (75 mg vial) 388
angina/ (2 µg/kg/m)
non-Q-MI

Tirofiban
PCI 0.7 mg (10 µg/kg) 15.12 mg/ 24 hr 36 350 (12.5 mg/50 mL 700

(0.15 µg/kg/m) vial)

Unstable 0.84 mg (0.4 µg/kg/m 10.08 mg/24 hr 48-96 700 (25 mg/500 mL 350
angina/ x 30 minutes) (0.1 µg/kg/m)) premixed bag)
non-Q-MI
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making formulary decisions, critical evaluation of
the pharmacoeconomic data, along with results
from clinical trials, is necessary and scenarios
should be discussed that apply to individual insti-
tutions. Institution-specific factors that need to be
considered include patient population and prac-
tice patterns, the role of affiliated institutions in
treating and transferring patients, and current uti-
lization. Healthcare professionals need to be
proactive in developing critical pathways and
modify them as new data become available.
Prospectively following outcomes of patients
admitted for AICS will also help to further justify
the role of these agents.

Future Perspectives
GP IIb/IIIa receptors are also being studied for

acute MI. The Thrombolysis and Angioplasty in
Myocardial Infarction (TAMI)-8 pilot study45 showed
that 92% of patients treated with abciximab and
r-tPA demonstrated angiographic patency of the
infarct-related artery, compared with 56% of those
who did not receive abciximab. Patients receiving
abciximab did not demonstrate excessive bleeding.
A similar study performed with various doses of epti-
fibatide (IMPACT-AMI study)46 showed that the pri-
mary endpoint (TIMI grade 3 flow at 90 minutes)
was achieved in 66% of patients treated with the
highest dose of eptifibatide compared with 39% of
those receiving placebo (P=0.006). No excess bleed-
ing complications were documented in any of the
active treatment groups.

Lamifiban. Lamifiban is another glycoprotein
IIb/IIIa receptor antagonist that is not currently
approved for use in the United States. Controlled clin-
ical studies to date have demonstrated that lamifiban:

• Yielded a 60% reduction in risk of death, nonfatal
MI, and urgent PCI during infusion (3.3% vs 8.1%,
P=0.04) in patients with unstable angina.47 At the
2 highest doses (4 or 5 µg/m), this benefit was sus-
tained for 30 days, and there was no significant
differences in the incidence of major bleeding
between lamifiban treatment and placebo.
However, the incidence of minor bleeding was
higher in lamifiban-treated patients (11.1% vs
1.6%; P = 0.002). 

• Resulted in a significantly reduced combined inci-
dence of death, nonfatal MI, or the need for
urgent coronary revascularization during infusion
in unstable angina patients.48 One month after
treatment, the incidence of death or nonfatal MI
remained significantly lower for the highest doses
of lamifiban (600 µg bolus, 4 µg/m and 750 µg
bolus, 5 µg/m for 72 to 120 hours). Major bleeding

(but not life-threatening and intracranial)
occurred more frequently in treated patients but
was not statistically higher than placebo.

• Inhibited platelet aggregation in a dose-dependent
fashion, with the highest doses exceeding 85%
ADP-induced platelet aggregation inhibition.49

This particular trial tested the effect of adding
various doses of lamifiban to either r-TPA or
streptokinase in patients within 12 hours of acute
MI.49 The study was divided into three parts. In
part A, patients received open-label lamifiban
beginning with a low dose previously used for
unstable angina (300 µg bolus and 1 µg/min infu-
sion) then proceeded to a second dose (400 µg
bolus and 1.5 µg/min infusion for 24 hours). The
purpose of part A was to identify dosing strategy
that resulted in an 85% to 95% ADP-induced inhi-
bition of platelet aggregation. Part B was a ran-
domized, double-blind comparison of 400 µg
bolus plus 1.5 µg/min infusion for 24 hours ver-
sus placebo with patients randomized in a 2:1
ratio. The length of infusion was subsequent-
ly increased to 48 hours in part C. The pri-
mary efficacy outcome was a composite of
angiographic, continuous electrocardiograph-
ic, and clinical markers of reperfusion failure
occurring by hospital discharge or 30 days.
Thirty-day mortality was not significantly dif-
ferent between groups due to the small sample
size (n=353). The incidence of major bleeding
was slightly higher in the lamifiban group
(2.6% vs 1.7%).

Conclusion
The 3 available GP IIb/IIIa receptor antagonists

(abciximab, eptifibatide, tirofiban) differ in their
pharmacology, effectiveness, and cost. The results
from clinical trials showed that, overall, GP IIb/IIIa
inhibitors can reduce risk of death, MI, or reinterven-
tion in patients with AICS with or with ST segment
elevations.

However, direct comparison of these trials is diffi-
cult due to inconsistent endpoint definitions, inclu-
sion/exclusion criteria, and dosing.

The abciximab data appeared to be most consis-
tent in terms of dosing and outcomes. Bleeding
rates associated with abciximab decreased when
heparin was weight-adjusted and post-procedure
wound care was meticulous. Immunogenicity used
to be primary concern when administering
abciximab; yet, the recent results from the Reopro
Readministration Registry did not support this
theory.15 However, abciximab may be limited due
to the higher incidence of thrombocytopenia and
high per-unit cost. 
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Eptifibatide has the broadest FDA approved
indication of all the GP IIb/IIIa inhibitors. Despite
this approval, there is still concern about the
most appropriate dose of eptifibatide. The lower
dose (135 µg/kg bolus and 0.5 µg/kg/m) was
approved based on a trial in which the primary
endpoint was not achieved, per an intent-to-treat
analysis. While this dose makes eptifibatide
attractive from a cost perspective, there is the
potential that efficacy may be compromised for
cost.

Tirofiban had the most disparate results. The
primary endpoint—reduction in death, MI, and/or
revascularization in 30 days—was not achieved in
RESTORE, although improvements were achieved
in the composite endpoint at 48 hours and 7 days.
There is concern that these shorter time endpoints
are not as rigorous as the 30-day endpoint used in
trials of other agents. PRISM showed that tirofiban
monotherapy was efficacious, but PRISM-PLUS36

failed to corroborate these results.
Due to their pharmacokinetic profiles, eptifi-

batide and tirofiban may also require dosage
adjustment in patients with moderate to severe
renal impairment to prevent excessive bleeding.
However, this has not been evaluated in a con-
trolled study. From a handling and administration
point of view, abciximab and eptifibatide require
refrigeration, and abciximab needs to be filtered
before administration. The selection of agent should
be based on data from clinical trials and pharma-
coeconomic studies, as well as institution-specific
patient population data and practice requirements.

There are currently no head-to-head compara-
tive trials of these 3 agents. Overall, however,
regardless of the agent used or clinical situation
studied, GP IIb/IIIa receptor antagonists can signif-
icantly improve the therapeutic management of
patients with AICS , and these benefits appear to be
cost effective. High-risk patients, such as those
enrolled in the EPIC and PRISM-PLUS trials, may
benefit the most. 

More studies and post-marketing clinical experi-
ence, as well as the further development of oral GP
IIb/IIIa receptor antagonists, may help to define
the specific roles of these agents. For now, if GP
IIb/IIIa receptor antagonists are used, the efficacy
and adverse events need to be monitored closely.
Care should be taken to minimize vascular site
trauma. Heparin should be dosed based on body
weight. Laboratory data such as hemoglobin,
hemotacrit, platelet count, serum creatinine, pro-
thrombin time, and partial thromboplastin time

need to be followed. If a patient’s platelet count
falls below 100,000, the GP IIb/IIIa receptor antag-
onist must be discontinued.
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